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INTRODUCTION

Energy conservation measures can be implemented in buildings to
reduce energy consumption significantly. One attractive measure is to
utilize single-building energy controllers (SBEC). These SBEC can
implement very complex energy conservation control strategies and can
pay for themselves in a very short time period. This report discusses
the installation of an Andover Controls Sunkeeper in the Public Works
building at the Naval Weapons Center (NWC), China Lake, Calif. The
installation of the Andover Controls Sunkeeper does not imply endorse-
ment by the Government. The Sunkeeper is one of many different single-
building controllers (see Ref 1*) and may be no better or worse than any
other controllers with similar characteristics.

BACKGROUND

The energy crisis of 1973 and increasing energy costs have caused
great emphasis to be placed on energy conservation. A variety of ways
is feasible for government installations to meet their energy conserva-
tion goals. Many large facilities are installing large-scale, computer-
ized Energy Monitoring and Control Systems (EPCS) to help meet their
goals. These systems have many advantages, a few of which are: energy
conservation with limited manpower, energy accountability, and improved

operation and maintenance of heating, ventilating, and air conditioning
(HVAC) systems. Unfortunately, these EPCS are expensive and require
cooperation and dedication of facility operation and maintenance (O&M)
personnel.

There are many smaller installations and single buildings that
cannot justify a large-scale EMCS. Equipment that can provide signif-
icant energy savings in these small installations or single buildings
can be divided into six categories: time clocks, duty cyclers, demand
limiters, programmable controllers, micro-EICS, and small EPCS.

Guide specifications have been prepared for small EMCS and micro-ECS.
A small EPCS would have at least a part-time operator, while a micro-ECS
would be installed and only rarely would changes in the operation of the
system be made. Typical energy conservation control strategies that are
implemented with these systems are: scheduled start/stop, optimized
start/stop, duty cycling, demand limiting, day/night setback, and
ventilation/recirculation.

*1. J. Rees. Controlling energy consumption in single buildings,
Naval Civil Engineering Laboratory, Contract Report CR 82.028.

Atlanta, Ga., Newcomb & Boyd, Jul 1982.
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DISCUSSION

The Naval Civil Engineering Laboratory (NCEL) started investigating
SBEC in FY77. A survey of existing equipment identified timeclocks and
demand limiters as the only readily available alternatives to large-scale
ENCS. Unfortunately, timeclocks are readily defeated through tampering
or setting them to worst-case conditions, and they require significant
O&M effort. Demand limiters typically lack flexibility and are primarily
aimed at saving money on demand charges. Government buildings are
rarely demand-metered on a building-by-building basis, and demand limiters
typically lack flexibility to respond to changing demand billing struc-
tures or to be incorporated into an EMCS.

Because no product was available that met the desired character-
istics, a development program was initiated to provide a microprocessor-
based unit that would provide scheduled start/stop and optimized start/
stop energy conservation control strategies. A contract was awarded to
develop an intelligent timeclock (ITC). The original plan called for
one ITC to be installed in Building 560 at NCEL and another one in the
Thompson Laboratory building at NWC, China Lake.

One ITC was installed at NCEL and did validate the concept of using
microcomputer technology to implement energy conservation control strat-
egies. The primary strategy implemented on the ITC was optimized start/
stop, which used outside air temperature, inside building air tempera-
ture, and time to determine the "optimum" time to start/stop the HVAC
equipment. The development and installation of the ITC is detailed in
Reference 2.*

Unfortunately, the ITC was not as reliable or maintainable as
desired, so the decision was made not to install the other ITC at China
Lake and to replace the ITC at NCEL. The ITC at NCEL was replaced with
a unit assembled using single-board computer technology. The develop-
ment, installation, and experience on this unit are described in Refer-
ence 3.*-

A slightly different approach was taken for the unit to be installed
at China Lake -- the Center used one of the commercially available SBECs
that had become available since the development of the ITC. The SBEC
selected for China Lake was the Andover Controls Sunkeeper. This unit
has an excellent reputation for reliability and user satisfaction. The
Sunkeeper is user programmable using a very simple, but adequate, control
language with the following syntax:

Do action; if any of the following conditions are met GO TO LINE_
condition I
condition 2

condition n

*2. D. Shiroma. EMCS modules/intelligent time clock (ITC), Civil
Engineering Laboratory, Technical Note N-1588. Port Hueneme, Calif.,
Sep 1980.

**3. I. Sanchez. Utilizing the optimum start/stop control strategy for
heating NCEL, Naval Civil Engineering Laboratory, Technical Note N-1663.
Port Hueneme, Calif., Apr 1983.

2



or
Do action; if all of the following conditions are met GO TO LINE

condition 1

condition 2

condition n

The Sunkeeper has the capability for 32 digital inputs (contact
closures), 32 digital outputs (energize relays), and 32 analog inputs
(temperature sensors).

A coordinated effort between NCEL and PIO China Lake resulted in
the Sunkeeper being installed in the Public Works building instead of
the Thompson Lab. The rationale behind this was to allow Public Works
personnel to become familiar with using computerized energy conservation
control strategies in their own building.

The Public Works building at China Lake has four large air handler
units (AHU) that provide both heating and cooling to the building. IN
personnel prepared the building by installing conduit between the loca-
tion for the Sunkeeper and the motor control center for the air handlers.
Two people from NCEL assisted China Lake personnel with the final instal-
lation of the Sunkeeper control unit, temperature sensors, and solid
state interposing relays. A one-line diagram of the Sunkeeper instal-
lation is shown in Figure 1. The Sunkeeper was operational 28 October 1981.

NWC and NCEL personnel worked together to develop the control
strategy for optimized start/stop and weekend/holiday shutdown. These
control strategies were initially used on only one AU on a trial basis
and then the other three AHUs were added. In addition, NWC personnel
have since implemented duty cycling.

The initial reaction to the Sunkeeper has been favorable, but that
is not to say that there have not been problems. However, thanks to the
dedication of the NWC Public Works personnel, telephone help from Andover
Controls, and the cooperation of the building occupants, all problems
have been overcome. In fact, the unit has been so successful that three
additional Andover Controls units are being installed in other China
Lake buildings. These other buildings are being monitored by NCEL in
order to help determine the energy saved by implementing SBEC.

CONCLUSIONS

SBEC can help conserve energy in government buildings. Implement-
ing a few energy conservation control strategies, such as scheduled
start/stop, optimized start/stop, duty cycling, demand limiting, day/night
setback, and ventilation/recirculation, can achieve significant energy
savings. Strategies that have been successfully implemented at either
NCEL or China Lake are: scheduled start/stop, optimized start/stop,
deadband operation, weekend/holiday shutdown, and duty cycling. These
strategies can be implemented by using a SBEC with temperature sensors
and interposing relays in the HVAC control loops. Key ingredients for
success are: (1) a good, reliable SBEC; (2) a dedicated, enthusiastic
SBEC user; and (3) building occupants' patience and cooperation.

3



Andover
Controls removable
Sunkeeper tria

(TI Silent 700)

digital outputs analog inputs
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room room outside air
temperature temperature temperature

Figure 1. System one-line diagram.
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Australia: SCE. Balboa. CZ

NAVCOMMU PWD. Maint. Control Dir.. Thurso. Scotland: PWO. Thurso. Scotland
NAYCOMMUNIT CO (Code 50)), East Machias. ME: Power Plant - Cutler. East Machias. ME
NAVCONSTRACEN CO. Port Hueneme CA: Co. Gulfport MS: Curriculum/Insir. Stds Offr. Gulfport MS
NAVDET OIC (Energy Conserv). Souda. Bay. Crete: PWO. Souda Bay Crete
NAVDIVESALVCEN CO. Panama City FL
NAVEDTRAPRODEVCEN SCE. Pensacola FL: Technical Library. Pensacola. FL
NAVEDUTRACEN CO. Code 44, Newport RI: Engr Dept (Code 42) Newport. RI: PWO Ncwport RI
NAVELEXSYSCOM Code ELEX 103 NAVFACENGCOORD. Washington. DC: ELEX 1033 Washington. DC
NAVEODTECHCEN Code 60.5. Indian Head MD
NAVFAC CO (APOWO). Pacific Beach. WA: CO (Code 014) Coos Head. Charleston. Or: CO (Code 05)

Centerville Beach Fernadale. CA: CO (Code .100). Antigua. CO (Code 50A). Brawdy Wales. UK: CO
(Code N67). Argentia Newfoundland: CO (Energy Conserv). Big Sur. CA: M & 0 Officer Bermuda:. PWO
Pacific Beach WA: PWO. Antigua. PWO. Brawdy Wales UK: PWO. Centerville Bch. Ferndale CA: PWO.
Coos Head. Charleston OR: PWO. Point Sur. Big Sur CA

NAVFACENGCOM Alexandria. VA: Code 013 Alexandria. VA: Code 013T (Essoglou) Alexandria. VA; Code 04
Alexandria VA: Code 043 Alexandria. VA: Code 044 Alexandria. VA: Code 04B3 Alexandria. VA: Code
04T2 (Knapp). Alexandria. VA: Code 04T2B (McGrath). Alexandria. VA: Code 04T7B (Stickley).
Alexandria. VA: Code OSIA Alexandria. VA; Code 015DI (Bersson). Alexandria. VA: Code 08. Alexandria
VA. Code 09M454, Tech Lib, Alexandria. VA: Code Ill (Mitchum). Alexandria. VA: Code 11 12E (Tayler).
Alexandria. VA: Code 1113. Alexandria. VA: Code IIIB (Hanneman). Alexandria. VA: Code III8
Alexandria. VA: code (MT Alexandria. VA

NAVFACENGCOM - CHES DIV. CO Code 11 Washington. DC-: CO. Washington D-C: Code 04. Wash. DC:
Code 05, Wash. DC; Code 403 Washington DC: Code 406 Washington DC; FF0-I Washington. DC:.



Library. Washington, D.C.: RDT&ELO Wash. DC
NAVFACENGCOM - LANT DIV. Code 04 Norfolk VA Norfolk VA. Code 034. Norfolk, VA: Code 05.

Norfolk, VA: Code 11. Norfolk, VA; Code Ill. Norfolk. VA: Code 403. Norfolk. VA: Eur. BR Deputy
Dir. Naples Italy; Library. Norfolk, VA: Norfolk. VA: RD'r&ELO 102A. Norfolk. VA

NAVFACENGCOM - NORTH DIV. Asst. Dir.. Great Lake% [L: ('0: Code 04 Philadelphia. PA: Code O4AL.
Philadelphia PA: Code 05. Phila. PA: Code (N9P Philadelphia PA: Code 11, Phila PA:. Code III
Philadelphia. PA: Code III WIF1 (Tayler). Phila PA: ROICC. Contracts. Crane IN

NAVFACENGCOM - PAC DIV. (Kyi) Code 101. Pearl Harbor. HI1: ('ODE 09P PEARL HARBOR HI: Code
(04 Pearl Harbor HI: Code 05. Pearl Harbor. HI: Code 11 Pearl Harbor HI: (Code IlI1:S1. Pearl Harbor. HI:
Code 4(02. RD'r&E. Pearl Harbor HIl: Commander. Pearl Harbor. HI: Library. Pearl Harbor. HI

NAVFACENGCOM - SOUTH DIV. CO. ('harleston SC: Code 0)4. Charleston. SC: Code (35. Charleston. SC:
('ode 11. Charleston. S('; Code 43, Gaddy. Charleston. SC: Code 4(06 Charleston. SC:%('ode W3.
RDT&ELO. Charleston SC: Library. Charleston. SC

NANFACENGCOM - WEST DIV. AROICC. Contracts. Twentynine Palms ('A: ('0 (Code 1113). San Bruno.
(CA: Code 334. San Bruno. CA: Code (M4B San Bruno. CA: Code 335. San Bruno. CA: Code I I San Bruno.
(A: Code 1121 San Bruno. ('A: Library. San Bruno. CA: 09P'20) San Bruno. CA: RDT&ELO Code 2(011
San Bruno. CA.' San Bruno). CA: Seattle Br. Silverdale. WA

NAVFACENGCOM CONTRACTES AROI('C. NAVSTA Brooklyn. NY: AROICC. Quantico. VA: Contracts.
AROIC('. ILcioore C'A: Dir. Eng. Dis'.. Exmouth. Australia: Dir, of Constr. Tupman. CA: Eng Di% dir.
South~cst Pac. Manila. PI: Ol('C Trident. Alexandria VA: OICC. Guam: Ol('(. Kings Bay, GA: 01CC.
Soujthxwest Pac. Manila. PI: OICC.ROIC('. NAS Oceana. Virginia Beach. VA: 01CCROIC('. Balboa
Panama ('anal: OIC'('ROI('(. Norfolk. V'A: R40( AROI('( Puget Sound Shpsd: ROI('( AF Guam: ROIC('
Code' 495 Portsmouth VA: ROICC Ke% West FL: ROI(C'. (odc 10342 2. Vsallejo ('A: ROIC'. ('ode 7(X)2.
China L~ake ('A: ROIC'(. Kellasik. Iceland: ROIC('. NAS. Corpus Christi. IX: ROI'C'. Pacific. San Bruno
('A* ROI('(. Yap: R01(C'.0l('(-SP... Norfolk. VsA

NAV'sFACFNGUC'MIIO C'ode (34T2A. Alexandria. VA
NAVsFt'FILDFP OI(' (Lnergy ('onseri(. JAN. F)3
N*AVFKSP APW() (('ode 13). Beauf'ort SC
N AVINA(-FSI IIPS'I( RFA(' PWO. Orange TIX
NAVNIA6 PWI) Engr Dis. (Guam: S('E, (itim: SC'E. Subic Ba\. R.P
NA'sMEFI)RS('IIL' 3 PWO. ('airo Eg'.pt
NAVOBSY ('ode 67, Washington DC'
NAVOCEANSYSCEN ('ode 4473B (Tech Lih) San Diego. ('A: ('ode '523 (Ilurleyl. San Diego ('A. ('ode 67W~.

S..n Diego. ('A: ('ode 811 San Diego. ('A: Commander (('ode 411). San Diego. ('A
NAVORDFAC 'C) (C'ode 66)(. Sasebo. Japan
NAVORDMISTES'rFA(' Fac Supp iv. White Sands Missile Range. NM: PWD -Engr Dir. White Sands. NM
NAVORDSTA ('0 (Code W931). Louisv'ille. KY: ('ode 33923. Indianhead. MD: MDS-25. Mfg Tech Dept

Louisv'ille. KY: PWD - Dir. Engr Div. Indian Head. MD: PWO. Louisville KY
NAVORDSYSCOM Code SPL-631
NAVPETOFF Code 333. Alexandria VsA
NAVPETRES Director. Washington DC
NAVPGSCOL- ('ode 43B. MontereN. ('A: PWO tvonterey ('A
NAVPHIBASE CC) (PWC)). Norfolk. VA: ('0. A('B 2 Norfolk. VA: PW() Norfolk. VA: SCE ('oronado.

SD.CA
NAVPLANTREP Hercules Inc.. Magna. UT
NAVRADSTA PWO Jim Creek. Oso WA
NAVREGMED('EN CO (Code 333). Long Beach. CA: ('0 (C'ode 933. Camp Iecjeune. NC': CO (('ode A09)

Engr Div. Phila.. PA: ('hief. PW Service Philadelphia. PA: ('ode 3(341. Memphis. Millington TN: Code 330.
Portsmouth. VA: PWD -Engr Div'. Camp Leteune. NC: PWD - Engr Div. ('amp Pendelton. CA: PWD
Maint Control Div. Camp Pendleton. CA: PWD - Maint. Control Div. Phila, PA: PWO. Camp Lcjeune. NC

NAVREGMEDCEN PWO. Okinawa. Japan
NAVREGMEDCEN SCE: SCE San Diego. CA: SCE. Camp Lelieunc NC: SCE, Camp Pendleton CA
NAVREGMEDCEN SCE. Great Lakes IL

NAVREGMEDCEN SCE. Guam: SCE. Long Beach ('A: SC'E. Newport. RI: SCE. Oakland ('AINAVREGMEDCEN SCE. Yokosuka. Japan
NAVRESREDCOM Commander (Code (17). Great Lakes. IL.: Commander (Code t072). San Francisco. CA
NAVSCOLCEC'OFF ('35 Port Hueneme. CA
NAVSC'SCOL CO (Code 50). Athens. GAA NAVSCSOL PWO. Athens GA
NAVSEASYSCOM ('ode (3325. Program Mgr. Washington. D)C: ('ode (33314. Wash. D C': C'ode PMS 395 A 3.

Washington. DC': PMS-396/33 Washington DC: SEA WE4 0I. Kess3. Washington. DC
NAVSEC'GRLA( ' ('0 (('ode 303). Puerto Rico: ('0 (C'ode 411B). Edicll. Scotland: C'( (('o-de N6013.

liomestead. Ft: .'0 (Energy ('onsers). Sonoma. ('A:C (' Energi. C'onscri.. Winter Harbor. ME: (C)
(rWD). Adak. AK: ('od 430. ('hesapeake. VA: PW() Winter Ilarbor ME: P1W. Adak AK: PWO. 1'dicll
Scotland. P%'0. Puerto Rico: PWO. Skaggs Is. Sonoma ('A. PWO. lorri Sta. Okinawa

N AVsSE('(R1 ('ON Energy C'onscrv.. Washington DC
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NAVSECSTA Code 540, Washington DC: PWD - Engr Div, Wash., DC
NAVSHIPYD CO (Code 405): Code 202.4. Long Beach CA: Code 20125 (Library) Puget Sound. Bremerton

WA: Code 38. Portsmouth. VA: Code 382.3. Pearl Harbor. HI: Code 40W, Puget Sound: Code 402.4.
Philadelphia PA: Code 410, Mare Is.. Vallejo CA: Code 440 Portsmouth NH: Code 440. Norfolk: Code 440,
Puget Sound. Bremerton WA: Code 440.1 (R. Schwinck). Long Beach. CA: Code 444. (Wgt Handling Engr)
Philadelphia. PA; Code 453 (Util. Supr), Vallejo CA: Code 457 (Maint. Supr.) Mare Island. Vallejo CA:
Commander (Code 406). Portsmouth. NH: LTJG R. Lloyd. Vallejo CA: Library. Portsmouth NH: PW Dept.
Long Beach. CA: PWD (Code 4(W.03). Charleston SC: PWD (Code 420) Dir Portsmouth. VA: PWD (Code
450-HD) Portsmouth. VA: PWD (Code 453-HD) SHPO (03. Portsmouth. VA: PWD - Assi PWO. Code 410.
Vallejo. CA: PWD - Code 450, Bremerton. WA: PWD - Engr Div. Code 440. Vallejo. CA: PWD - Utilities
Supt. Code 903. Long Beach. CA: PWO Charleston Naval Shipyard. Charleston SC: PWO. Bremerton, WA:
PWO. Mare Is.: PWO, Portsmouth NH: PWO. Puget Sound; Puget Sound. CMDR (Code 402.3). Bremerton.
WA: SCE. Pearl Harbor HI: Tech Library, Vallejo. CA: Utilities & Energy Cons. Mgr Code 108.1. Pearl
Harbor, HI

NAVSTA (Code 50A) Rodman. Panama Canal: Adak. AK: CO (Code 18410). Mayport. FL: CO (Code 413).
Grmo. Cuba: CO (Code 52). Brooklyn NY: CO (Code ODE). San Diego. CA: CO (Energy Conserv): CO
(PWD). Keflavik. Iceland: CO (PWD). Rota. Spain: CO. Brooklyn NY: Code 16P. Keflavik. Iceland: Code
4. 12 Marine Corps Dist. Treasure Is.. San Francisco CA: Dir Engr Dix. PWD. Mayport FL: Dir Mech Engr
37WC93 Norfolk. VA: Engr. Dir. Rota Spain: Long Beach, CA: Maint Cont. Div.. Guantanamo Bay
Cuba: Maint. Control Div.. Adak: Maintenance Div.. Rota. Spain: PWD - Engr Dept. Adak. AK: PWD -
Engr Div. Midway Is.. PWD. Utilities Div.. Guantanamo Bay Cuba: PWO. Adak. AK: PWO. Brooklyn
NY: PWO. Keflavik Iceland: PWO, Mayport FL: SCE. Guam: SCE. Pearl Harbor HI: SCE, San Diego CA:
SCE. Subic Bay. R.P.

NAVSUBASE CO (Code 803), Groton. CT: PWO: PWO Bangor. Bremerton. WA
NAVSUPPACT CO (Code 413). Seattle, WA: CO (Code 81). Mare Island. Vallejo. CA: CO (Code N52). New

Orleans. LA: CO (Energy Conserv). Naples. Italy: CO. Naples, Italy: PWO Naples Italy: PWO. Mare Is..
Vallejo CA: PWO, New Orleans LA

NAVSUPPBASE CO (Energy Conscrv) Kings Bay. GA
NAVSUPPFAC CO (Energy Conserv) Diego Garcia I: Code 02. Thurmont. MD: PWD - Maint. Control Div,

Thurmont. MD: PWO. Thurmont MD
NAVSUPPO CO (APWO). La Maddalena. Italy
NAVSURFWPNCEN Dahlgren Lab. WW-02 Dahlgren VA: PWO. White Oak. Silver Spring, MD
NAVTECHTRACEN Code N213 Orlando FL: SCE. Pensacola FL
NAVTELCOMMCOM Code 05. Washington DC: Code 53. Washington. DC
NAVUSEAWARENGSTA CO (Code 073E2). Keyport, WA: Engr. Div. (Code 083) Keyport. WA: PWO.

Keyport WA
NAVWARCOL Dir. of Facil.. Newport RI
NAVWPNCEN Code 2634. China Lake. CA; Code 2636 China Lake: Code 3813 China Lake. CA: Commander

(Code 2635). China Lake. CA; PWO (Code 266) China Lake. CA: ROICC (Code 702). China Lake CA
NAVWPNSTA (Clebak) Colts Neck, NJ: CO (Code 09221). Concord, CA: CO (Energy Conserv) Yorktown.

VA: CO (Energy Conserv). Colts Neck. NJ: Code 0911. Seal Beach CA: Code 092A. Seal Beach. CA
NAVWPNSTA PW Office Yorktown, VA
NAVWPNSTA PWD - Maint. Control Div.. Concord. CA: PWD - Supr Gen Engr. Seal Beach. CA: PWO Colts

Neck. NJ: PWO. Charleston, SC: PWO. Seal Beach CA
NAVWPNSUPPCEN CO (Code 092E). Crane. IN: Code 09 Crane IN: ENS J. Wyman. Crane IN
NAVY PAO CENTER Directory. San Diego. CA
NCTC Const. Elec. School. Port Hueneme. CA
NCBC CO (Code 80). Port Hueneme, CA: CO (Energy Consrv), Davisville. RI: CO. Gulfport MS: Code I0

Davisville. RI: Code 15. Port Hueneme CA: Code 155. Port Hueneme CA: Code 156. Port Hueneme. CA:
Code 25111 Port Hueneme. CA: Code 430) (PW Engrng) Gulfport. MS: Code 47(.2, Gulfport. MS: NEESA
Code 252 (P Winters) Port Hueneme. CA: PWO (Code 80) Port Hueneme. CA: PWO (Code 82). Port
Hueneme CA: PWO - Code 84. Port Hueneme. CA: PWO. Davisville RI: PWO. Gulfport, MS: Port
Hueneme CA

NCBU 416 OIC. Alameda CA
NCR 20. Code R31 Gulfport. MS
NMCB I. CO: I. Code S3E: 133. CO: 62. CO: 74. ENS Vesely: FIVE. Operations Dept: THREE. Operations

Off.
NOAA Library Rockville. MD
NRL Code 5800 Washington. DC: PWO Code 2530.1. Washington. DC
NSC CO (Code 46A) San Diego. CA: CO (Code 70A). Puget Sound. WA: Code 54.1 Norfolk. VA: Code 703

(J. Gammon) Pearl Harbor, HI: SCE (Code 70). Oakland CA: SCE Norfolk, VA: SCE. Charleston. SC:
SCE. Guam

NSD CO (Code 5E): PWD - Engr Div. Guam: SCE. Subic Bay. R.P.
NSWSES Code 0150 Port Hueneme. CA
NTC CO (Code NACh0F) Orlando. FL: SCE. San Diego CA
NTIS Lehmann. Springfield. VA
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NUSC CO (Code 5204). Newport. RI; Code 131 New London. CT Code 4123 New London. CT Code 5202 (S.
Schady) New London. CT; Code EA123 (R.S. Munn). New London CT; Code SB 331 (Brown). Newport
RI; PWO AUTEC West Palm Bch Det. West Palm Beach. FL; PWO New London. CT; PWO Newport. RI;
SB322 (Tucker). Newport RI

OFFICE SECRETARY OF DEFENSE DASD (I&H) IC Pentagon; OASD (MRA&L) Dir. of Energy.
Pentagon. Washington. DC

ONR CO (Code 701) Pasadena. CA: Code 221. Arlington VA; Code 700F Arlington VA; LCDR Williams,
Boston. MA

PACMISRANFAC CO (Code 7031). Kekaha. HI; HI Area Bkg Sands. PWO Kekaha. Kauai. HI
PHIBCB I P&E. San Diego. CA
PMTC Commander (Code 6200-3). Point Mugut.. CA
PWC ACE Office Norfolk. VA; CO (Code 1003). Oakland. CA; CO (Code RUOE). San Diego. CA; CO (Code

100E3). Oakland, CA: CO (Code 153). Guam; CO (Code 30). Pearl Harbor. HI: CO (Code 601). Subic
Bay: CO (Code 610). Pensacola, FL; CO (Code 613). San Diego. CA- CO Norfolk. VA; CO Yokosuka.
Japan; CO. (Code 10). Oakland. CA: CO. Great Lakes IL; CO. Pearl Harbor HI; CO. San Diego CA; CO.
Subic Bay. R.P.; Code 10. Great Lakes. IL; Code I(KA. Great Lakes. IL: Code 101. San Diego. CA; Code
105 Oakland. CA; Code 105, Oakland. CA: Code 110. Great Lakes. IL; Code 110. Oakland. CA; Code 116.
Seattle. WA; Code 120. Oakland CA; Code 120. San Diego CA: Code 154 (Library). Great Lakes. IL; Code
2X) (H. Koubenec). Great Lakes IL; Code 200. Great Lakes IL; Code 40). Great Lakes, IL; Code 400.
Oakland. CA; Code 400. Pearl Harbor. HI: Code 4X). San Diego. CA; Code 420. Great Lakes. IL: Code
420. Oakland. CA; Code 420. Pensacola. FL: Code 420. San Diego. CA; Code 424. Norfolk, VA; Code 500
Norfolk. VA; Code 50). Great Lakes. IL: Code .50). Oakland. CA; Code 505A Oakland. CA: Code 600.
Great Lakes, IL; Code 6N)A Norfolk. VA: Code 610. San Diego Ca: Code 7WK. Great Lakes, IL; Library.
Code 12K. San Diego. CA; Library. Guam: Library. Norfolk. VA; Library. Oakland. CA; Library, Pearl
Harbor, HI; Library. Pensacola, FL: Library. Subic Bay. R.P.; Librar%. Yokosuka JA: Maint. Control Dept
(R. Fujii) Pearl Harbor. HI; NAS Pensacola, FL: Util Dept (R Pascua) Pearl Harbor. HI; Utilities Officer.
Guam

SPCC CO (Code 763). Mcchanicsburg. PA; PWD - Maint. Control Div. Mechanicsburg. PA; PWO (Code 120)
Mechancsburg PA

SUPANX PWO. Williamsburg VA
SLPSHIP ADMINO. San Francisco. CA: Code IXll
IVA Smelscr. Knoxville. [cnn. Solar Group. Arnold. Knoxville. TN
AF 110 USAFE DEE. Ramstcin GE

.;S MERCIIANF MARINE At ADEMY Kings Point. NY (Reprint Custodian)
USAF AFRCL (R (Walton). Dallas. TX: AFRCE/ER (Burns), Atlanta. GA: AFRCE;M-X (Stevens). Norton

AFB. CA; AFRCE WR (Lowry). San Francisco. CA
USAF REGIONAL. HOSPITAl. Fairchild AFB. WA
USAFE HO DEE (EMCS Mgr). Ramstein AFB. Germany
USCG (Smith). Washington. DC; G-MMT-4/82 tJ Spencer)
USCG ACADEMY Utilities Section Ne. London. CT
USDA For Prod. Lab. (Fac Engr). Madison. WI: Forest Service (R-1). Missoula. MT; Forest Service (R-10).

Juneau. AK: Forest Service (R-2).. Lakewood. CO: Forest Service (R-3). Albuquerque. NM: Forest
Service (R-4). Ogden. LIT; Forest Service (R-5). San Francisco. CA; Forest Service (R-6). Portland, OR;
Forest Service (R-9). Milwaukee. WI; Forest Service Reg 3 (R. Brown) Albuquerque. NM: Forest Service
Reg 6 Hendrickion. Portland. OR: Forest Service. Region I. Missoula. MT; Forest Service. Region 4.
Ogden. UT; Forest Service. Region 5. San Francisco. CA: Forest Service, Region 9. Milwaukee. WI; No.
Cent. For. Exp. Sta.. St. Paul. MN; Northeast. For. F -. Sta.. Broomall. PA: Pac. NW F&R Exp. Sta..
Portland. OR; Rocky Mtn F&S Exp. Sta., Ft. Collins. t ); SE Forest Exp. Sta.. Asheville. NC

LISNA Ch. Mech. Engr. Dept Annapolis MD; Code 17). Annapolis. MD; ENGRNG Div. PWD. Annapolis
MD; Energy-Environ Study Grp. Annapolis, MD; Environ. Prot. R&D Prog. (J. Williams). Annapolis MD;
Mech. Engr. Dept. (C. Wu). Annapolis MD: PWD Suprt. Annapolis MD; USNAISYS ENG DEPT
ANNAPOLIS MD

USPS Postmaster (Mgr Plant Maint). Albany. GA
USS FULTON WPNS Rep. Offr (W-3) New York. NY
ALABAMA ENERGY MGT BOARD Montgomery. AL
ARIZONA Kroelinger Tempe. AZ: State Energy Programs Off.. Phoenix AZ
AUBURN UNIV. Bldg Set Dept. Lechner. Auburn. AL
BERKELEY PW Engr Di%. Harrison. Berkeley. ('A
BONNEVII.LE POWER ADMIN Portland OR (Energy Consrv. Off.. D. Davey)
BROOKHAVEN NATL LAB M. Steinberg. Upton NY
CALIFORNIA STATE UNIVERSITY LONG BEACH. CA (CHEIAPATI)

(LEMSON UNIV. Col. Arch.. Egan. Clemson. SC
CONNECTICUT Office of Policy & Mgt. Energy. Div, Hartford. CT'
CORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr Lit.)
DAMES & MOORE LIBRARY LOS ANGELES. CA
DRURY COLLEGE Physics Dept. Springfield. MO
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FLORIDA ATLANTIC UNIVERSITY Boca Raton. FL (McAllister)
FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library)
FRANKLIN INSTITUTE M. Padusis. Philadelphia PA
GEORGIA INSTITUTE OF TECHNOLOGY (LT R. Johnson) Atlanta, GA: Col. Arch, Benton. Atlanta, GA
HARVARD UNIV. Dept. of Architecture. Dr. Kim. Cambridge. MA
HAWAII STATE DEPT OF PLAN. & ECON DEV. Honolulu HI (Tech Info Ctr)
IOWA STATE UNIVERSITY Dept. Arch, McKrown. Ames. IA
WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)

KEENE STATE COLLEGE Keene NH (Cunningham)
LAWRENCE BERK LAB Window & Lighting Prog. Berkeley. cA
LEHIGH UNIVERSITY Bethlehem PA (Linderman Lib. No.30. Flccksteiner)
LOS ALAMOS SCI LAB Solar Energy Gp. Los Alamos. NM
LOUISIANA DIV NATURAL RESOURCES & ENERGY Div Of R&D. Baton Rouge. LA
MAINE OFFICE OF ENERGY RESOURCES Augusta, ME
MISSOURI ENERGY AGENCY Jefferson City MO
NI Cambridge MA (Rm 10-500. Tech. Reports. Engr. Lib.): Cambridge. MA (Harleman)
MONTANA ENERGY OFFICE Anderson. Helena, MT
NATURAL ENERGY LAB Library. Honolulu. HI
NEW HAMPSHIRE Concord NH (Governor's Council on Energy)
NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM
NY CITY COMMUNITY COLLEGE BROOKLYN. NY (LIBRARY)
NYS EMERGENCY FUEL OFFICE Albany NY (Butler)
NYS ENERGY OFFICE Albany. NY: Library. Albany NY
OAK RIDGE NATL LAB T. Lundy. Oak Ridge. TN
PORT SAN DIEGO Pro Eng for Port Fac. San Diego. CA
PURDUE UNIVERSITY Lafayette. IN (CE Engr. Lib)
SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA. CA (ADAMS)
SEAIVTLE U Prof Schwaegler Seattle WA
STATE UNIV. OF NEW YORK Fort Schuyler. NY (Longobardi)
TENNESSEE ENERGY AUTHORITY Nashville. TN
TEXAS A&M UNIVERSITY W.B. Ledbetter College Station. TX
UNIVERSITY OF CALIFORNIA Energy Engineer. Davis ('A: LIVERMORE. CA (LAWRENCE

LIVERMORE LAB. TOKARZ); UCSF. Physical Plant. San Francisco. CA
UNIVERSITY OF DELAWARE Newark. DE (Dept of Civil Engineering. Chesson)
UNIVERSITY OF FLORIDA Dept Arch.. Morgan. Gainesville. FL
UNIVERSITY OF HAWAII HONOLULU. HI (SCIENCE AND TECH. DIV.)
UNIVERSITY OF ILLINOIS (Hall) Urbana, IL: URBANA. It. (LIBRARY)
UNIVERSITY OF MASSACHUSETTS (Heronemus). ME Dept. Amherst. MA
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)
UNIVERSITY OF NEW HAMPSHIRE Elec. Engr. Depot. Dr. Murdoch. Durham. N.H.
UNIVERSITY OF TEXAS Inst. Marine Sci (Library). Port Arkansas TX
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN. TX (THOMPSON)
UNIVERSITY OF WASHINGTON Insti. for Envir. Studies: Seattlc WA (E. Linger)
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
VENTURA COUNTY Plan Div (Francis) Ventura, CA
ARVID GRANT OLYMPIA. WA
ATLANTIC RICIFIELD CO. DALLAS. TX (SMITH)
BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)
CHEMED CORP Lake Zurich IL (Dearborn ('hem. Div.Lib.)
COLUMBIA GULF TRANSMISSION CO. HOUSTON. TX (ENG LIB.)
DESIGN SERVICE, Beck. Ventura. CA
DIXIE DIVING CENTER Decatur. GA
DURLACH. ONEAL. JENKINS & ASSOC. Columbia SC
GARD INC. Dr. L. Holmes. Niles. IL
LITHONIA LIGHTING Application eng. Dept. (B. lelton). Conyers. GA 30207
MCDONNEL AIRCRAFT CO. (Fayman) Engrng Dept.. St. Louis. MO
MEDERMOTT & CO. Diving Division. Harvey. LA
NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)
PACIFIC MARINE TECHNOLOGY (M. Wagner) Duvall, WA
PG&E l.ibrarN. San Francisco. CA
POR [LAND CEMENT ASSOC. Skokie IL (Rch & Des Lab. Lib.)
RAYMOND INTERNATIONAL IN('. E ('olle Soil Tech Dept. Pennsauken, NJ
SANDIA LABORATORIES Albuquerque. NM (Vortman); librar\ Dix.. Livermore CA
SCIUPACK ASSOC SO NORWALK. CT (SCIIUPACK)
SIIFI I. DIVFlOPMENT co, Ilouston TX (W. Sellars Ir.)
IFXIKON IN(C BUFFALO. NY (RESEAR(ChI (ENTER 1.111.
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TRW SYSTEMS REDONDO BEACH. CA (DAI)
UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div.. Library)
WARD. WOLSTENHOLD ARCHITECTS Sacramento. CA
WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib. Bryan); Library. Pittsburgh PA
WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY)
BRAHTZ La Jolla, CA
FISHER San Diego, Ca
KETRON. BOB Ft Worth. TX
KRUZIC. T.P. Silver Spring. MD
T.W. MERMEL Washington DC
WALTZ Livermore. CA
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DISTRIBUTION QUESTIONNAIRE
The Navel Civil Engineering Laboratory is revising its primary distribution list.

Instructons on the nrw ssde
SUBJECT CATEGORIES 28 ENERGW/POER GENERATION

29 Thermal conservation ithermel engineerig of buildings. I4VAC
i sNORE FAOuT1Es systems. energy loss menaurement. ii powersnration)
2 Construction methods and meter is los iuding corrosion 30 Controls and elecrical conservation llCtrwce Systems

control. coatings nry oioig n otrlseo

3 Waerfont truture (mintriene/dveroratono ontol)31 Fuel flexibility lequd f uaui, coal utilization. energy
4Utilitis (icluding g~edtonig from Solid waste)

Sontruon Saetymn n mcun 32 Alternate energy source (etrmlpower. photovoltaic

7 Fire prevention and control Systems)
I Antenna technology 33 Sote data and wsystms integration (energy resource data, tonergy
9 Structural analysis and design Including numerical and consumption data, integrating energy systems)

computler techniques? 34 ENVIRONMENTAL PROTECTION
10 Protective construction (including hardened Shelters. 35 Solid waste management

shok and vibration studis") 36 Haaardousitoxic materials management
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